Objective: To investigate the association between the number of fast food restaurants and ischemic stroke in neighborhoods. Methods: This work was a prespecified part of the Brain Attack in Corpus Christi (BASIC) project. Ischemic stroke cases were prospectively ascertained in Nueces County, Texas. Home addresses were geocoded and used to establish the census tract for each stroke case. Census tracts were used as proxies for neighborhoods (n ϭ 64). Using a standard definition, fast food restaurants were identified from a commercial list. Poisson regression was used to study the association between the number of fast food restaurants in the neighborhood, using a 1-mile buffer around each census tract, and the risk of stroke in the neighborhood. Models were adjusted for demographics and neighborhood socioeconomic status (SES). Results: There were 1,247 completed ischemic strokes from January 2000 through June 2003 and 262 fast food restaurants. The median number of fast food restaurants per census tract including buffer was 22 (interquartile range, 12-33). Adjusting for neighborhood demographics and SES, the association of fast food restaurants with stroke was significant ( p ϭ 0.02). The association suggested that the risk of stroke in a neighborhood increased by 1% for every fast food restaurant (relative risk, 1.01; 95% confidence interval [CI], 1.00 -1.01). The relative risk of stroke comparing neighborhoods in the 75th to the 25th percentile of the distribution of fast food restaurants was 1.13 (95% CI, 1.02-1.25). Interpretation: Controlling for demographic and SES factors, there was a significant association between fast food restaurants and stroke risk in neighborhoods in this community-based study.
By affecting wide ranging behaviors and sociocognitive dimensions, such as diet, exercise, stress, and depression, many aspects of neighborhood residence may influence health, including available recreational space, crime, public transportation, and availability of food stores. The contextual effects of a neighborhood on disease risk have received close attention, 1 but very little with respect to stroke. 2 Stroke is a disease of atherosclerosis. Risk factors include hypertension, obesity, and hyperlipidemia. 3 Fast food options have become a quickly growing and universal phenomenon. 4 These establishments offer a quick and inexpensive meal. In general, many offerings are also high in fat and salt, and rarely provide fruit, vegetables, or whole grains. Fast food restaurants tend to cluster in neighborhoods that are more economically disadvantaged, 5, 6 and in areas with high proportions of minority residents. 7, 8 Neighborhood disadvantage has been linked to stroke risk. 2 Accessibility to fast food restaurants may be one pathway by which neighborhood disadvantage contributes to atherosclerosis. 7 Another possibility is that neighborhoods that have high fast food restaurant densities have less options for healthy eating. 9 Regardless of the mechanism for increased disease risk, if fast food restaurant density is associated with stroke risk, then appropriate public health interventions in specific neighborhoods can be suggested.
Other risk factors that go beyond traditional biologic and social risk factors may potentially contribute risk for common, severe diseases such as stroke. We studied the association of the density of fast food restaurants with ischemic stroke in neighborhoods as part of a population-based study in South Texas.
Materials and Methods
This study took place in Corpus Christi, Nueces County, Texas as a preplanned analysis of the Brain Attack Surveillance in Corpus Christi (BASIC) project. The methods of the BASIC project were previously reported. 10, 11 Briefly, all cerebrovascular disease cases among those Ն45 years old were prospectively ascertained from all hospitals, neurologist offices, and the county coroner from January 2000 through June 2003. Completed ischemic stroke cases were validated from source documentation by board eligible/certified neurologists blinded to subject age, ethnicity, and residence. Cases of transient ischemic attack, intracerebral hemorrhage, and subarachnoid hemorrhage were excluded. Stroke case definitions were based on published international clinical cri-teria. 12 Corpus Christi makes up Ͼ95% of the county's population, and is an urban environment with mass transport facilities (buses). The county population is approximately 300,000 residents, and the location is on the Texas Gulf Coast. It is a nonimmigrant community, with long-term residence and little influx or efflux of individuals. 13 Corpus Christi is about 200 miles from Houston and San Antonio, and the surrounding counties are sparsely populated, allowing for complete case capture. This study was approved by the University of Michigan institutional review board (IRB) and by the IRBs of the 2 hospital systems in Corpus Christi.
United States census tracts 14 were used as proxies for neighborhoods (n ϭ 64). Home addresses were geocoded, and used to identify the census tract for each stroke case. Demographics, stroke risk factors, and insurance status were collected from the medical record.
Fast food restaurants were identified from a commercial list (Reference USA, US Business Database), and defined as having Ն2 of the following characteristics: expedited food service, takeout business, limited or no wait staff, or customers who pay prior to receiving food. Each fast food restaurant was geocoded, and a count of the number of fast food restaurants per census tract was generated. To create a more realistic "dining area," a 1-mile buffer around each census tract was created, and restaurants falling within the buffered area and within the county were counted for the given census tract. Use of similar distance buffers is a previously used methodology. 15 Distances between stroke cases and fast food restaurants were calculated by first calculating the difference in degrees longitude and degrees latitude between the 2 locations. The differences in degrees were then converted to miles. The Pythagorean theorem was then used to calculate the distance. Of the fast food restaurants identified, 75% were in business in 2003 and 50% in 1994, attesting to their longevity in the neighborhoods.
US Census data from 2000 14 was the source for census tract-level population counts and neighborhood variables (median household income; median value of occupied housing units; percent of households receiving interest, dividend, or net rental income; percent of adults who complete high school; percent of adults who complete college; and percent of adults whose occupation is classified as managerial or professional). A summary score representing neighborhood socioeconomic status was constructed from these 6 variables based on previously published methods. 16 The summary score was constructed as follows. For each of the 6 census variables, a mean and standard deviation were calculated across census tracts. For each census tract, a Z score for each census variable was then estimated by subtracting the mean and dividing by the standard deviation for that variable. The Z scores for each variable were then summed to get a neighborhood score for the given census tract, with increasing score representing increasing neighborhood advantage. The median and interquartile ranges (IQR) for each element of the summary score and for the overall summary score for the population were previously reported. 2 
Statistical Analysis
Median number of fast food restaurants per census tract and median distance of the ischemic stroke cases' homes to a fast food restaurant were calculated. Stroke rates per 1,000 population were calculated for each census tract. Using ArcGIS software, the quintiles of the distribution of stroke rates were calculated. Poisson regression was used to study the association between the number of fast food restaurants in the neighborhood (modeled continuously) and the risk of stroke events in the neighborhood. That is, the stroke counts were the outcome for the regression, and population size of the census tract was used as an offset. Robust standard errors were used to compute confidence intervals for the effect estimates. Models were run unadjusted, adjusted for demographics (age, gender, race/ethnicity), and adjusted for demographics and neighborhood socioeconomic status. Age was modeled categorically as dummy variables representing ages 45-59 years (referent), 60 -74 years, and Ն75 years. Gender and race/ethnicity were modeled as dummy variables with men and non-Hispanic whites (NHWs) as the referents, respectively. Neighborhood score was modeled continuously. Models were also run stratified by age group, gender, and race/ethnicity to determine if the association of the number of fast food restaurants and the count of stroke events in the neighborhood differed across levels of these variables. Effect modification between the demographic variables and the number of fast food restaurants was formally tested, as was effect modification between neighborhood score and the number of fast food restaurants.
In secondary analyses, logistic regression was used to study the associations between the number of fast food restaurants in the neighborhood and stroke risk factors among the stroke cases. To account for the correlation among cases living in the same neighborhood, the models were estimated using generalized estimating equations with an exchangeable correlation structure. 17 Models were run unadjusted and adjusted for demographics (age, gender, race/ethnicity) and neighborhood socioeconomic status. Gender and race/ethnicity were modeled as dummy variables as described above. Age and neighborhood score were modeled continuously.
Results
There were 2,984 validated cerebrovascular events during the study period. Of the 2,984, 2,727 were geocoded to the census tract level. The remaining 9.1% were only able to be geocoded to the zip code level and were excluded. Of the 2,727, 1,581 were ischemic strokes. Only NHWs and Mexican Americans (MAs) were included in this study due to small numbers for other race-ethnic groups, resulting in 1,468 events. For those individuals with multiple ischemic strokes, only the first ischemic stroke event was considered. Therefore, the final population for analysis was limited to 1 stroke per individual, for a total of 1,336 stroke cases. Of the 1,336 cases, 13 were nonresidents of Nueces County, and were excluded. Because we were interested in measuring exposure to fast food restaurants over the time period relevant to development of stroke, cases who were currently residing in a nursing home or assisted living facility (n ϭ 76) were also excluded. This left 1,247 stroke cases for the final analysis. Table 1 provides the subjects' demographic and clin-ical characteristics. There were 262 fast food restaurants in the county. The median number of fast food restaurants per census tract including the 1-mile buffer was 22 (IQR, 12-33). The median distance of the ischemic stroke cases' homes to a fast food restaurant was 0.32 miles (IQR, 0.20 -0.50). The Figure shows the distribution of fast food restaurants in the community superimposed on the stroke rates in each neighborhood. Table 2 provides the data on the association of fast food restaurants and ischemic stroke. Adjusting for demographics and neighborhood score, the association of the number of fast food restaurants with stroke was significant ( p ϭ 0.02). The association suggests that the risk of stroke in a neighborhood increased by 1% for every fast food restaurant (relative risk, 1.01; 95% confidence interval [CI], 1.00 -1.01) in the neighborhood. The relative risk of stroke comparing neighborhoods in the 75th to the 25th percentile of the distribution of fast food restaurants in this community was 1.13 (95% CI, 1.02-1.25). Age demonstrated a significant interaction with fast food restaurants and ischemic stroke risk, such that the association is present in the younger age categories but not in the oldest age category (Table 3) . Although the interaction between ethnicity and fast food on the risk of stroke was not significant, the association of fast food with stroke was only present for MAs (Table 3) . Gender did not demonstrate a significant interaction with fast food and the risk of ischemic stroke. There was a borderline significant interaction between neighborhood score and fast food restaurants, suggesting the association of fast food with stroke is greater in neighborhoods with higher socioeconomic status (SES). Table 4 displays the associations of stroke risk factors with the number of fast food restaurants in neighborhoods among stroke cases. Only atrial fibrillation demonstrated a significant association. Atrial fibrillation was found in 16.0% of NHWs and 8.6% of MA stroke cases.
Discussion
This study demonstrates an association of the density of fast food restaurants and ischemic stroke cases in neighborhoods of a community. Although the strength of the association is not large, the prevalence of fast food restaurants in many communities throughout the world suggests a large potential public health risk. Given the study design, however, it is unknown whether this finding is due to increased consumption of fast food among stroke cases or other individual or neighborhood factors. Future work should include investigating the independent effect of fast food density on stroke risk after adjustment for individual-level risk factors in a multilevel fashion. Recent studies have identified neighborhood factors that serve as independent cardiovascular risk factors over and above individual risk factors. 18 Stroke risk factors that may be linked to fast food consumption include hypertension, obesity, diabetes and hyperlipidemia. Consumption of fast food is associated with increased salt and caloric intake, and suggests a trend toward weight gain and obesity. 8, 19 A clustering of fast food restaurants with mortality and acute coronary syndromes has been noted in Ontario, Canada, and the authors suggest targeting these high-risk communities with vascular disease prevention interventions. 20 Simply posting calorie information at fast food restaurants is associated with healthier food choices. 21 The close proximity of fast food restaurants to schools 22 and the frequent use by adolescents has been implicated in the epidemic of childhood obesity. 8 It also suggests that interventions aimed at reducing fast food consumption should include children in the educational target group. Children have been a successful target for stroke educational interventions in the past. 23, 24 Researchers have shown that the relative low cost of fast food compared with fruit and vegetables drives consumption. Lower fruit and vegetable costs and/or higher fast food prices may promote healthy eating, 25 and serves as a possible target for intervention.
In stratified models, we studied whether the relationship of fast food restaurants and ischemic stroke differed among subgroups of the population based on ethnicity and age. Significant associations between fast food restaurants and stroke were noted for those of younger (45-59 and 60 -74 years) but not older ages. Fast food restaurants may be 1 pathway that explains the association of neighborhood and stroke risk in those Ͻ75 years of age.
2 Selective survival, the phenomena whereby the cohort that survives to older ages may have different risk factor vulnerabilities, may explain in part why the association of fast food and stroke risk was only noted in those Ͻ75 years of age. 26 Also, additional information about the relative consumption of fast food over the lifespan is needed and may shed light on the lack of an association in the oldest age group.
In the current study, the association of fast food restaurants with stroke risk was greater in neighborhoods with higher neighborhood score (Table 3) . Previous work in other diseases has suggested that more disadvantaged neighborhoods were associated with a high density of fast food restaurants and disease risk. 7 We have previously shown that the association of SES and stroke risk in this community is complicated and dependent on interactions of age and gender. 2 Another interesting finding was that the association of fast food restaurants and stroke was seen in MAs, not NHWs. There are no reports comparing fast food consumption in MAs and NHWs. The reason residents of more advantaged neighborhoods and MAs have stronger associations of fast food and stroke risk is uncertain but may be due to complex interactions of age, gender, neighborhood score, and ethnicity of the residents of these neighborhoods.
In a secondary analysis, we found that risk factors among stroke cases such as hypertension, diabetes, and hyperlipidemia were not associated with the number of fast food restaurants in neighborhoods. Only atrial fibrillation, which is found in a small number of stroke cases, was associated with fast food restaurants. Further, atrial fibrillation is significantly less common in MAs, the ethnic group for which the fast food-stroke association seems present. This secondary analysis requires caution. Because risk factor data were not available from the gen- eral population, we could only examine stroke risk factors in cases. If the association of fast food with stroke risk is not mediated by conventional risk factors, perhaps the density of fast food restaurants serves as a surrogate marker for other, novel neighborhood components that confer stroke risk. For example, air pollution has been associated with stroke risk, 27 and pollutant sources may cluster with fast food restaurants.
This study has limitations. Inherent in any ecological design is the inability to adjust associations based on individual risk factors, although we were able to adjust for age, gender, race/ethnicity, and neighborhood disadvantage given the availability of this information in the Census. We do not know whether the stroke cases actually consumed fast food or just resided in neighborhoods with higher numbers of fast food restaurants. We did not consider other food establishments. Further, we classified fast food restaurants based on standard criteria and used a commercial list to identify establishments; however, we cannot be certain that some fast food restaurants were not misclassified or omitted.
In summary, this study demonstrated an association of the number of fast food restaurants with risk of stroke, especially among MAs, those Ͻ75 years old, and those of higher SES, in neighborhoods of a South Texas community. Further research is needed to determine if this association is due to increased fast food consumption in these neighborhoods, other neighborhood factors that place residents at risk, or differences in individual risk factor profiles. This finding has a large potential public health impact due to the high prevalence and worldwide spread of fast food restaurants and the enormous public health burden of stroke.
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